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ABSTRACT

Data collected by Cangdian, Japenese and United States veasels
during the summer of 1957 are utilized to describe the physical oceanography
of the Aleutian Islands region.

A brief review of the bottom topography, tidal currents and
climatolozy of the region is given. '

Vertical and lateral sections of temperature, salinity and

sipgma~-t are shown and their significance discussed.
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INTRODUCTICN

As part of the Internaticnal North Pacific Fisheries Commission
(INFFC) program oi“rgsearch on the high-gsess distribution and abundance
of salmon, the Bureau of Commercial Fisheries initiated, in 1955, the
collection of oceanographic data in the EBering Sea - North Pacific region.

Since that time, spring and sumer suwveys have been made each
year. The 1955, 1996 eruises were conducted by the University of Washington
under contract to the Burean. The data reports for those years have been
compiled by Favorite and Love (1957), and Love (1957;, 1959).

Since 1957 the data have been collected and processed by USFWS
personnel (Favorite and Pedersenm, 1959a, b.) This report is based on the
oceanographic cruises of Cenadian, Japanese, and United States vessels |
during the period July 19=August 31, 1957. Most of the measurements were.

made from the USFWS vessels Atitu, Parsgon, and Pioneer.

Dissolved exygen and inorganic phosphate measurements were made
by scme of the vessels; however, the observations were too few to permit

separate anslyeis of these parameters.




Descrip_t_ion of the Raegion

The terms "region” or "area® encompass 45° - 56%N. latitude,
150°4. - 175°E. longitude. The terms "Aleutian Islands" and "Aleutian
Chain® are used to include the arc of ﬁlanda from Unimak to Attu. "Aleutian
ridge® refers to the submerged sections between the islands. In citing
pogitions the terms "latitude® and "longitude” will usually be omitted.

The Coast Pllot for Alaska (U. S. Coast and Geodetic Survey,
1955) provides such information as local weather conditions and tidel
currents, in the vicinity of the Alaskan Peningula and Aleutian Islands.
Fleming (1955) has reviewed the general featurds of the area and has included
an extensive bibliography.

Figure 1 gives the names of the principal iglands and passes
in the Aleutian chain. The 100, 1000, and 5500 meter iscbaths are also
shown.

In the Bristol Bay region, there is a broad, shellow shelf
which extends westward of the Pribilof Islands. The 10O-meter contour is
not drawn in the Aleutian region since it nearly coincides with the 1,000-
meter contour.

The Aleutian Islands rise precipitously from depths of greater
than 7,000 meters in the Aleutisn Trench and greater than 3,500 meters
in the Bering Sea. As may be seen, the 1,000-meter contour is quite
close to the islends with the exception that at lthe 180° meridian it
extends into Bering Sea enelosing_Bowers Bank, ﬁhére depths of lesg than
130 meters are reported. It is noted that on scm"e charts the name
"Bowers Bank" refers only to a shallow bank (less than 100 fathoms)

situated at sbout Sk 25'N., 179°L5IE.
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Only Amchitka Pass (179°W.) is deep enough to allow exchange

of waters at depths exceeding 1,000 meters.

Tidal Currents

Tidal currents in the region are, sccording to the Coaspt Pilot
(op. eit.), ®. . . highly complex, making generalizations impossible . . ..
All passages in the Aleutian Islands have strong currents. In the narrow
Akun Strait, the current is reported to reach a velocity of 12 knots.™

In southeastern Bering Sea, north of Unimak Island, Hebard (1959)
observed the tidal currents in June, 1957, by meeans of an Fkman current
meter, for two ofishore and two inshore stations. Measurements were made
at the surface, top and bottom of the thermocline and the bottom. The
flow of the aversge current was counter-clockwise. At the offshore
(56%56N,, 16L4°300w; 57°L0N, 161°537W.) stations dextrally rotating tidal
currents occcurred with & maximum of between 1.0 and 1.5 knots flowing
parallel to the coast. The inshore (56°37'K., 160°59tw; 55%L09N., 163%2L9W.)
stations exhibited rotary tidal currents, with varying degree of rotation;

the maximwn currents were between 0.8 and 1.7 knots parallel to the coast.
Weather

Quoting further from the Coast Pilot: "The weather of the
Aleutians ig characterized by persistently overcast skies, high winds, and
violent storms. No other area in the world is recognized as having worse

weather in general then that which the Aleutian Islands experience." '
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Winds in the Aleutian region are generally influenced by the
Aleutian Low which fills in during May and gradually lcoses its identity
through June and July. By August the Low appears in the north Bering Sea,
becoming st.rong.er with the winter months.
. Winds in May have a northwesterly or westerly component. During

the summer months the previsgling winds are from the south or southwest.

Evawrati on

Jacobs (1951) has prepared mean charts which show evaporation in
the area as being 0-0.05 cm/day, for the period June-August. Precipitation

minus evaporation iz shown as about 1520 cm. for the season.

Dilution

Fregh water is glso added to the region by runoff and ice melt.
In Bering Ses, the Yukon and Kuskokwim Rivers, and in Bristol Bay, the
Ugashik, Egegik, Naknek, Kvichak snd Nushagak Rivers contribute heavily to
the runoff. On the south central coast of Alaska, the Copper and Susgitna
Rivers supply much of the fresgh water runoff. In additién, there are
numerous streams and small rivers which add to the net dilution of Bering
Sea and Subarctioy waters.

Ice breakup in the Nushagak, Kuskokwim and Susitna Rivers beging,

on the average, early in May.

1/ The term "Subarctic waters" is used in this paper to describe that
portion of the North Pacific Ocean where the salinity minimum is at
the surface. "Subpolar® will inciwde Bering Sea, Bristol Bay and
Subarctic North Pacific waters.



Reports Utilizing 1957 data
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The location of the stetions used is shown in figure 2,

Not all of the data from the aforementioned cruises were utilized.
Some gtations were outgide the area wmder investigation. Other stations
were occupled before or after the period of July 19 - August 31.

Dodimesd (1958) has discussed the 1957 horigontal distribution
of properties in the Gulf of Alaska. He has also described the vertical
section baged upon Oshawa stetions 16 and 28-37 (see fig. 2). '

Kitano (1958) has presented horizontal and vertical sections
based on the 1957 cruise of the Tenyo Maru and a preliminary réport on

ocesnographic conditions dbserved from the MV Attu, Faragon and Pioneer

. has been pregented by Favorite in INFFC (1959). Aron (1959) has utilized

1957 Brown Bear data in & paper dealing with mi dwater trawling in the

North Pacific and Bering Sea.
SELECTION OF TIME PERIOD

Figu.f-e 3 iz taken from Rocbinson ‘(1957).» The curve showing
surface temperature indicates that the rate of change of temperature from
July 20 to September 1 is negligible. Fleming (1955) has presentzd a time-
series cycle of temperatire repregenting the degree sauare 52° - 53%, 178%
179°E. The surface temperature peak is shown as about August 10.

The temperature-salinity (T-5) diagrams for several locations
heve been presented in INPFC (1959), and sre reproduced here as figures
h to 6. It is immedistely apparent from the diagrams that the period
of summer heating of the suwrface waters has continued into late Augusst.
The surface waters have generally become more dilute as the season

progressed.



G Il & =

—

The T-S diagrans, then, show that for the upper water colum the‘
vertical and horisontal gections of temperature, salinity, and sigma-t will
include seasonal effects. Ideally, one would like to be able Yo represent
the temperature field when the rate of change of temperature is nearly
sero for the time period covered. |

Changes in the water colum below about 300 meters will be due
primariiy to advection and not to the direct influsnce of external
processes. This i3 apparent from the temperature cycle showm in fizure 3
which reveals & congiderable lag in the diffusion of heat from the surface
to deeper water. l

In contouring the various fields it is assumed that the
oceanographic stetions were occupied synoptically. In lieu of a asynoptic
survey it is advisable to select a time periodl when oceanic conditions are
as near to being stationary as possible. With regard to temperaturs, the
period July 19 =« August 30 provides the least rate of change. For this
reason some earlier data collected by USFWS vessels and the Japanes:

vessel Oshoro Maru were not used.

Averg;l_gg of Date

Some stations were occupled several times. Where this occurred
interpolated data at standard depths were avergged,.g/ the rsgualiting values

being used in the sections. In some instances, where the depth of the Nansen

e pl B

3/ Temperature and selinity average values were used to obtain an aversge
sigma=t.
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bottle casts reached diff'erent depths, only the data in the upper 150-300
meters were averaged.

To remove the undetermined effects of interval wave activity,
each station should be occupied more than once., If data from only a few
stations are averaged, the stations cccupied only once will, preswmably,
agsume more importance than they should. Tsking average values of, for
example, surface temperature at 53°N., 175%°E., (fig. ) puts the tenperature
in the middle of the upward slope of the time series curve (fig. 3). If
the last station occupied at a given location were used, further bias would
be provided becawse adjacent, single stations may have been occupied at

different times on the cycle.

SOURCEE OF DATA

The scurces of dats utilised; details of salinity analytical
methods and treatment of data will be found in the references cited in

tsble 1.
CURRENTS

As an introduction to this section a brief discussion of the method
of determining geostrophic currenis is presented. The geostrophic equation
iz a famillar one in meteorology and oceancgraphy. The assumption is made
that the magnitude of inertisl and frictional forces is much less than the
magnitude of the herizontal pressure gradient force and the apparent force
due to the earth?s rotation (Coriolis force). Geostrophic velocities and

transports are calculated from the balance of the latter two forces.
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Table 1l.-==2curces of data

Vesael ol et Bieticas Authority
tical sections) I
Abtu A 19 Jul.-23 Aug. =34 Favorite snd Pedersen (1959a)
Paragon Pn 21 Jul.-31 Aug. 1-20 L " "
Pioneer P 21 Jul.=31 Aug. 12-30 " " L »
Brown Bear B 929 Aug.3 Y1-034 R. H. Fleming and Steff (1958)
30 Jul.=2 Aug. 35=37 ,
Horizon - 27 Jul.=8 Avg, 6=10 Seripps Institution of Ocempgr_apbygf
Oshawa 30 Jul.=11 Aug. 1h=37 Pacific Oceanographic Groups (1957)
Tenyo Maru T 19-30 Jul. L=h2 Hokkaido Regional Fisheries Laboratory (1958)

_1./ Brown Bear station 16 was omitted in the date report. Prefixes ‘o Brown Bear station numbers omitted
here and in figuve 1. ,

_g/ Manuscript of physical and chemical data collected on the Mukluk expedition by Scripps Institution of
Ccesnography. , :
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Charts of the snomaly of geopoteatial topography show gecstrophic
current dirvections in the form of isolines of dynamic height. The veloclties
are inversely proportional to the spacing of the iseclines, in a narrow
latitude range. Dynamic height calculations are made for each oceancgraphic
station by integration of the anomaly of specific volume (the differcnce of
the observed volume per unit megs from a unit msss of water at 0°C.,
35°/0c0 salinity and at the observed pressure) from a reference level to the
degired depth. It 1s assumed that motion at the reference level is
negligible.

The surface current pattern relative to the 300 decibar
(approximately 300 meters) level is shown in figure 7. The choice of the
300 db. level is not to imply that this is a level of no motion, but was
made becaunse not enough stations could be used if a deeper level were
selected. A shallower level wonld be subject to short term external
influences. As will be shoun in a discussion of the vertical sigma=t
sections near the izlands there is a large pressure gradient at 300 meters
and deeper, which implies conaiderable motion at the reference level.
Nevertheless, it is felt that the current directions as shown in the figwe
are representative. The magnitude of the mean flow (i.e., the spacing of
the contours) cannot be congidered a very close approximation.

It is apparent that the currents are related to bottom
topography. A region bounded by 0.475 dynamic meters lies over the
Aleutian Trench. The current flowing east, north of Attu and Kiska Islands,
is deflected north by Bowers Bank., The currents north and south of the

Aleutian Islands follow the 1000-meter isobaths. In the vicinity of Unalsska
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Island, the currents have & northward component. The current charts of
Bames and Thompson (1933) and Goodman et al. (1942), show northward flow
between the 100 aad 1000-meter isobatha that lle west of the Pribilof
Islande.

The westward flow along the south of the iglands is due
primarily to surface accumilation of fresh water along the Alaskan
Peninsula. This flow would be analagous to the estuarine-type circulation
proposed by Tully and Barber (1960).

The sbove-mentioned relation between surface flow and the
Aleutian Trench is only incidental to the current pattern. If the Aleutian
Trench does influence circulation in the region this influence is probably
confined to the deep circulation.

The station spacing in the vicinity of Bowers Bank does not allow
conjecture on the possibility of a leeside wave. Sverdrup et al. (1942)
have pointed out that the expected deflections due to bottom topography

may be masked by synoptic surveys.
GEOFOTENTIAL HEIGHTS

In two water columns with the ssme temperature (or salinity)
distribution, the less saline (or warmer) column will have a higher steric
level. The integrated effect 0of temperature and salinity on the potential
energy distribution in a water column with reference to an assumed level
surface is shown by charts of geopotential anomaly. In order to determine
the relative influence of either temperature or sslinity on steric levels,

calculations must be made of thermal and haline departures, since the
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E = mEm =

steric departure from a reference sea level is nearly equal to the algebraic
gum of thermel and haline departwea.é/

Figure £ shows the geopotential snomaly of the isoberic surfaces
relative to the 1000 db. level along 175°E. longitude. The range of the
iscbaric levels is indicated by verticdl lines. If one considers the
surface isobaric level from 50° - 51°30? N. anc from 53° = 549307 N. the
average dynamic level north of the island is higher than to the south,
approximately 1.065 versus 1.010 dyn. m.

The average dynemic height at 51°30° N. is 0.064 dyn. m. greater
then at 53°N. Assuming simllar atmospheric pressure conditions on both
aides of the island, there is inferred a difference in sea level of about
6 geomstric cm,, the water column south of the islands being higher than
to the north. Whether or not this condition cbtains closer inshore can
only be establighed through precise levelling.

Figure 9 shows the surfaces relative to 800 db. The large
variations in the vicinity of Amchitka Pass have been interpreted in
figure 7 as lsolatsd cells.

3/ Patullo, et al., (1955) define the thermal(Z;) end haline (24}
departures as follows:

-1 (P
z, = glgp"_gg &Tdp
a T
Zg = 8-5100%‘?! ASdp ,
p, ¢8

where
o specific volume anomaly,
7,5 = temperature, selinity, respectively,
g acceleragtion due to gravity,

and the integration is from atmospheric pressure to a pressure where
all seasonal effects are assuwmed to vanish. -




The meridional isobaric surfaces along 175°W. are shown in
figure 10. The situation adjacent to the islands is the reverse of that
along 175°E, The dynamic level at 52°30° N. is 10.9 dyn. cm. greater
than at 519307 N.

As in the vertical sections of salinity and sigma-t, the
geopotential sections bring out the fact that dilution in Bering Sca
decreases westward, and that the Aleutian chain acts &s & barrier
separating the salin&-h/ waters of the Pacific Ocean from the Bering Sea.
The effect of cooler temperature in reducing steric levels increases
westward. This is showm slong 175°E. longitude. At S1°30°N. end 53°W.,
the galinity distribution in the water columns is nearly the same but

the steric level south of the Aleutian ridge iz greater than north of it.
LATFRAL DISTEIBUTION OF SIGMA-T

Charts showing the varlations with depth of a perticular value
of sigma~-t provide a three-dimensional view of subsurface circulation,
in that currents tend to be parallel to isolines of sigme-t. Lateral
mixing of greatest intensity takes place in the surface of congtant
potential density?/ and the flow patterns are more stsble and simpler

than those on a horizontal surface (Montgomery, 1938).

L/ The terms "saline” and "fresh” will be used to mean "relatively
saline®” agnd "relatively fresh®.

5/ Sigma-;-t =0, = 103(specif1c gravity =1). A signa-t surface is one
of approximately constant potential density in the upper 1000 meters.
Isentropic analysis refera to changes of properties on surfaces of
conastant entropy or sigma-t surfaces.
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Near the islands and in the island pesses, non-isentropic mixing occurs
and the ﬁrinciples of isentroplc analysis do not apply. In the use of
isentropic analysis, one assumes that the effects of viscosity and vertical
diffusion are negligible.

The reader should keep in mind that looking downstream the
sigma-t surface deepens to the cbserver?s right (in the Northern
Hemisphere).

Figures 11 and 12 show the depth of, and salinity on, the 26.0
sigme-t surfece. Immediately south of the islands at about 165%., there
is a tongue (100 meters) that flows along the south of the isiands becoming
shallower to the west. 7

There is a shallow (less than 25 meter) layer aurréunding the
islands from about 171°W. to 170°E. The sigma-t curves indicate a movement
of wabter through Amchitka Pass into the Bering S;;, although thie isg a
region of non-isentropic mixing.

In the Bering Sea, the depth of the surfece decreases northward
to 25 meters. The cell of greater than 50 meters at 173°W. is based on a
single observation of 70 meters.

Figures 13 and 1L show the depth of, and salinity distribution on,
the 26.5 sigms-t surface. This surface deepens rapidly when cne approaches
the islsnds from the south, The depth chart indicates that between 125-150
metera there is a steady motion that sweeps the entire length of the
Aleutian Chain. Again, there is a ridge extending east-west bounded by the
125 meter contour. In the eastern part of the figure the ridge penetrates

into the upper 100 meters.
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Several. anticycleonic cells are present near the isglands, and 2
single large cyclonic cell is sitvated to the ecast.

In the Bering Sse, the depth of the surface decreages to the
aorthwest.

The salinity distribution on this surface implies a region of
discontinuity at about 51°W., 172%W. This discontinuity is yresent also
on the 26.0 sigme-t surface, but farther to the west. The depth chart for
the 26.5 sigms~t surface shows an intrusion of water from the souta that
eould account for this discontinuity.

Figure 15 shows the depth of the 27.0 sigmaet surface. The
salinity veriation on this surface was too slight to pemit contouring.
Onee again the sigme=t isolines are continuous along the Aleutian Chain.
Only on the 26.0 sigmaet surface was there any indication of movement into
Bering Sea. ; No cdoubt there iz more exchange than is here indicated, but
the stations in sad nesr the passes are not spesed clogely enough 4o
sottle this question.

HORIZONTAL ﬁISTI?ZE%U’I’ION OF TEMPERATURE

Flgures 16 to 19 show the tempersture distribution at 0, 100, 300,
and 500 meters, respectively. o

Pigure 16, surface tahpem;augv; _id derived fein bfﬁ_ydrogmphic
and bathythermograpa dats. Due to in:tlga:ti'sre;jﬁez‘ﬁeal‘;iﬁn'g in the upper
layers, the entire island chain J.: sl?gmi.'as s{ttmted in colder? wnters

S P

than in the Bering Sea or Pacifie Ocean., This kind of Fupwelling®™ must be

6/ The terme %cold” and “warm” will be used te mean ®relatively cold®
and ®reiatively warm®,
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ascribed to tidal mixing rather than to wind stress associated with
#classical upwelling.®

The temperature distribution at 100 meters (fig. 17) differs
from the surface distribution in one major respect. Here most of the
Aleutian Islands are banded by warm (greater than 5.0°C.) water and the
temperature decreases %o the north and south. This is the result of the
downward curvature of the isotherms at shallow depf.hs near the land masses.
At sbout 50°N., 175°W., there is a break in the less than L.0°C. band
extending cast-west. As mentioned before, there is an indication that this
discontinuity has been produced by advection from the south.

Figure 18 shows the temperature distribution at 300 meters. Once
again the deeper waters are shown as being warm (greater than L.09C.) &bout
the Aleutian Islands. The contour of 4.25° C. is drawn south of the islands
east of 178%., but it is possible, had there been more data to the north,

that this isotherm could have been drawn so as to enclose the iglands.
The deepest horizontal section of temperature is at 500 meters

(fig. 19). The islands are shown as being surrounded in a broad band of

3.5°C. water. There are several cells drawn, based mostly on single

obgervations.
HORIZONTAL DISTRIBUTION OF SALINITY

The horizontal distribution of salinity at 0, 10, 100, 300, and
500 meters is shown in figures 20 to 2l, respectively.

The surface salinity chart (fig. 20),constructed from hydrographic
and bathythermograph station shows a dilute tongue of water sweeping south
of the islands, This tongue originates from runoff from the Alaska Peninsula
and south coast of Alaska. Another tongue, of the same origin, is shown as

moving south along 162%W. In the castern part of the figure there is a
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salinity ridge of 32.8 “/oo and a cell of less than 32.8 ®/oo within this
ridge. North of Unimak Ialand there iz a salinity gradient directed into
Bristol Bay. Here ice-melt and river runoff are responsible for the dilution.

The salinity distribution at 10 meters (fig. 21) is based on
congidersbly fewer obgervations than at the surface. The same general
features are present, however. The tongues originating near the Alaska
Peningula show fresh water moving to the south of the islands and a
protrusion to the southwest. The direction of the secondary (i.e., southwest
pr_o’ormion) ‘béﬁgne has changed and the gradients associated with both tongues
have decreased in magnitude. The Bristol Bay gradient is present at 10
meters but the isochalines terminate on the northern side of the islands,
while the surface isohalines were shown as connecting through the passes.

 The western Bering Sea salinity distribution is essentially the

sae at 10 meters as at the surface. The 33.0 ®/00 isohaline encloses
about the same area at both depths.

The chart of salinity at 100 meters (fig. 22) includes the
33,3 /oo isohaline to show the salinity range in the western Bering Sea.
The dilute tongue gouth of Unimak Island is present at this depth, but the
secondary tongue has disappeared. A ridge bounded by the 33.2 ©/oo isohaline
is present as far west as 175°W., and two elongated cells (33.L4 °/oo) are
shown within the ridge. In the eastern part of the ridge, another cell
(33.4 °/00) is shown. Dodimead {1958) shows this cell extending as far as
55°N., Lh8%.

Figure 23 shows salinity at 300 meters. The number of stations
is reduced becsuse some casts did not reach this depth. The islandz are
shown as lying in a trough of less than 33.8 ®/oo, the result of deepening

of the isohalines near the iszlands.
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The 500 meter section (fig. 24) shows again the east-west
discontinuity of the 34.2 ®/co ridge; the 300 meter chart shows the ridge
(34.0 °/o0) as discontinuous near 178° W. The islands are shown as in a
trough of less than 34.0 ®/co. Salinity in the Bering Sea increases to the
weat, whereas at 300 meters the increase iz in & northwesterly direction.

VERTICAL DISTRIBUTION OF SIGMA-T

Figure 25 sigma-t along 175° E., shows the isopleths as connecting
over the pubmerged ridge (1L0 meters deep). Approaching the ridge from the
south, the 26.6 isopleth ginks, then rises. The 26.L isopleth and those
above show no apparent influence of bottom femtures. Below 100 meters, the
slope of the isopleths is greater to the south of the pass than to the north.
The chart of geopotential topography (fig. 7) reflects this slope in that
there is indicated a relatively swift current to the south.

Along 179° W. (fig. 26), the depth through Amchitke Pass exceeds
1000 meters. The Brown Besr stations (3, L, 5, 7, 12, 13) indicate a deep
anticyclonic motion. The glopes of the igopleths may be considersbly
exaggerated since data from the Tenyo Meru and Browm Bear are incorporated
in this section, and since the longitude 179° W. is not that at which some
of the stations lie.

The section through Atka Pass is shown in figure 27. The volume
transport through this pass is, of course, quite restricted since the depth
is about 25 meters. There is some exchange indicated by the connection of
isopleths through this pass. Below 100 meters, the isopleths are deeper
than those in Svbarctic waters. Consequently, the dynamic height in Bering
Sea is higher, as was mentioned before. Here, as along 179° W., the dilute

tongue south of the islands is in evidence. The surface values of sigma=-t
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at 519307, 51°, and 50° N. are 25.02, 25.11, and 25.19, respectively.

The depth of Amukta Pass is 380 meters (fig. 28). The 27.0
isopleth is shown as sinking into the ridge on both sides of the pass.
At 51°50 N., there is an nnstablel/ layer indicated in the upper 30 meters,
and in the upper 20 meters at 53°20°N. The dilute tongue in Subarctic
waters is again in evidence %o about 100 meters. Below 100 meters the
Bering Sea isopleths are deeper than in Subarctic water.

The shallow waters of Bristol Bay connect with Subarctic water
through Unimsk Pass slong 1652 W. (fig. 29). Thompson and Van Cleve (1936)
have reported recoveries of drift bottles vhich had presumably drifted
into Bristol Bay via Unimak Pass.

7/ The expression for stability in the upper 100 meters is given by
E = (1072) dgf, where E is stability and = is depth.
2

A negative E mesng instability. -
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VERTICAL DISTRIBUTION OF SALINITY

Figures 30 to 3l show the vertical sections of salinity corresponding
to the sigma~t sections. Since the isopleths of ‘salinity and sgigma-t take
nearly the ssme course only smsll deteils would be included in a separate
discusgion of the salinity sections. :

In the upper 100 meters, the isohalines bend toward the sea
gurface in the vicinity of the islands. Below 100 meters the igohalines
deepen toward the m‘:bmefged 'land masges. The isohalines in the Bering 3ea
are deeper than their counterparts in the Pscific Ocean, the difference in
depth increasing toward the east. The 33.2 °/oo ischaline is shown as a
continuous line along all longitudes except 165°W. , where the 32.8 “/oo
igohaline extends only into Unimsk Pass.

BATHYTHERMOGRAPH SECTIONS

Bathythermograph 74 (BT) sections are shown in figures 35 to 55.
A detailed discussion of the individual BT sections will not be given hereg
rather, the main features will be outlined.

Stommel (1958) has pointed out that when temperature is not a
monotonic function of depth, the interpretation involved in drawing
isotherms through maexima and minima can be gmbiguwous. Thisg is true where

8/ The ?c;.arai:y of the BT is about #3 meters (275 meter cast and sbout
0002 cb
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temperature inversions occur in isolated cases. It is & characteristic of
Subpolar waters that a tempsrature minimum is found at depths ranging from
50 to 150 meters, and there is no ambiguity inferred in this widespread
phencmenon.,

Uds (1935) has applied the name "dichothermal® to the inversion
layer. The temperature inversion below the minimum he has called "mesothermal.”

In the BT sections, the dichothermal layer is bounded by the
3.0° = 4.0%. isotherms. The minimum temperature in the layer ranges from
sbout 1.5° C. to 3.8° C. Along 175%W., the dichothermal structure is
shown as reaching its southemn limit at about 50°30°N. (fig. Ll).
Associated with the dbhothermal structure is a halocline, through which
stability is maintained in the dichothermal layer.

Figures 35-l0 show thermocline development along 175°E. In
figures 35-36, no thermocline is present but by July 22-27 (fig. 37), the
thermocline ig shown at about 10-~20 meters. By late July (fig. 38), the
thermocline depth is 20-25 meters. In figure 39 the thermocline is shown
as approaching the surface in the vicinity of the pass, but in figure LO
this feature is not present.

Figures L1-~48 show the development of the thermocline along
175%. 1In figures lj1-42 the themmocline is as yet wnformed, but figure )3
{June 30-July 5) shows that the temperature gradient between 30-60 meters
has increased. In figure Ll (July 16-20) the thermocline is well developed,
and by the third week in July and through August (fig. 45-L8) reaches its
maximm gradient in temperature acrogs the thermocline layer and its
maximum depth (30-35 Meters). In figures 45 and 48, the isothermal layer
over Atka Pass indicates that tidal mixing is effective throughout the

water colum.



Figuree 19-53 show the temperature diptribution along 165° W.

In figure 49 the warm (grseter than 11.0°C.) dilute tongue is clearly in
evidence. Warm (greater than 5.0°C.) water is shown as lying between
120-175 meters next to the submerged land mass. The effect of tidal mixing
is present between SL° = 55%N., end cold (less than 2.5°C.) water of Bristol
bay origin is shown between 55°30° - S6°N.

Single sections along 162°307W. and 160°W. are shown in figures
5k and 55 respectively. In figure 54 (August 22-23), the warm water of
Gulf of Alaska qrigin is not present as a well-defined wedge, but the
12°C. isotherm is at depths of sbout 15 meters. Figure 55 (July 1h-19)

shows the core (greater than 10°C.) as lying between 53° - 54°30N.
BTig 61-62 indicate warm (5°C.) water at depths of over 200 meters near

the island.

The annual cycle of temperature (fig. 3) indicates that in
February the surface waters down to 300 feet (91 meters) are isothermal,
sbout 38.1°F. (3.4%C.). The L00-foot (122 meter) curve shows that water
at this depth is about 39.1°F. (3.9°C.).

The 3.4°C. surface layer temperature is cold enough to account
for most of the dichothermal layer in the Pecific Ocean; that ls, presuming
overturn of these waters. This process of overtumn, however, is probably
continuous once cooling begina,

Advection of cold Oyashio water contributes to the dichothermal
structure, but overturn is the main sowrce in the Pacific Ocean and

Bering Sea as discussed below.
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Sverdrup, et al. (1942, p. 732) suggest that in the Subarctic
region the temperature minimum represents the depth of winter convection
currents. Doe (1955) and Dodimead (1958) W alao related the dichothermsl
layer to winter cooling and overturn. Baged on data from weather _station
PAPA (50°N., 145°W.), Dodimead found that surface cooling in February, 1957,
wea less than in the previous winter. He found that in the Gulf of Alaska
Podlon! Liet e i it feare pabures! were fabont NG Mes st August, 1956, than
1957. Bennett (1959) has presented charts of the depth of minimum temperature
for August, 1955, in the Gulf of Alaska. The isotherm pattems for the
temperature minimum structure are clogely similar to the surface gecstrophic
current pattern for the same pericd.

Graphical gubtraction of BT temperature sections (nmot shown)
reveals that, with the procession of summex cold water advection ocours in
both the Pacific Ocean and Bering Sea dichothermal siructure.

SUMMARY

It has been ghown by others that the Subpolar region is one of
net dilubtion. Dilutlon of the surface waters by runoff continues past the
time period included in this report. Surface temperature increased into
late August.

It is shown that the geostrophic assumption is not a close
approximation net\.r the islands since the pressure gradient is not vanishing
at depth. East of Amchitka Pags. the steric level north of the Aleutian
Islands is greater than on the Pacific Ocesn sidé. Major water exchange is
through Amchitka Pass and between Attu and Kiska Islands, with the direction

of flow being into Bering Sea.
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In the upper 50 and 100 meters, the igotherms and isohalines,
regpectively, approach the surface near the islands. Below these depths
they bend down. The surfsce “bemperatm’e chart pictures the islands as
lying in cold water, the result of tidal mixing in the passes and around
the islands. Below 100 meters the islands are shown as lying in wam
waters,

The dichothermal stracture is present in the Bering Sea and
Paciflc Ocean. The temperatures in the dichothermsl lsyer can be accounted
for by overturn of winter-cooled surface water. Advection also contributes
to the cold waters of the inversion layer. The thermocline begins to form
in late June, and by the third week in July is well developed.

ACKNCWLEDGMENTS

The author is indebted to Messrs. Felix Favorite and Fred Cleaver
for many suggestions. Dz. N. P. Fofonoff and Mr. Alan Dodimead of the
Pacific Oceanographic Group, Nanaimo, B.C., also helpfully criticiged the

manuscript.



[S— |

1ITERATURE CITED

Aron, Williem

1959. Midweter trawling studies in the North Pacific. Limnology and
Oceanogrephy, Vol. &, ¥o. 4, p. %09-liB.

Barnes, Clifford A. and T. G. Thompson
1938. Physical and chemical investigations in Bering Sea and poriions
of the North Pacific Ocean. University of Washington publications
in Ocea.nographcy, ¥ol: 3, 0. 35-79 and Append. p. 1-164.
Bennett, E. B.

1959. Some oeéanographic features of the northenst Pacific Ocean during
Avgust, 1955. Journal Fisheries Research Board of Cansde, Vel. 16
No. 5, p- 565—633

Dodimead, o
1958. Report on ocesnographic investigations in the northeest Pacific
Ocean during August, 1956, February, 1957 and August, 1957. MSS
Report Wo. 20 of the Fisheries Research Board of Camada, 14 Pes
35 figs.
Doe, L. A. B.

1955. Offshore waters of the Canadian Pacific Coast. Journal Fisheries
Research Board of Canade, Wol. 12, Fo. 1, p. 1-3k.

Favorite, F. and Cuthherh H. Love
1957. North I’ac:l.ﬁ.é Ocz2an and Gulf of Alaska physical and chemical data,
summer ead fall, 1055. University of Washington Department of
Oceanography, Special Report No. 28, 83 p. 1 fig.
Favorite, Pelix and Glann Pedersen
185%e Hbrt.h Paclific and Bering Bea Oceanogrephy, 1957. U.8. Fish and
Wildlife Service, Speecial Scientific Report--Fisheries Ho. 292,
Msy, 1959, 106 p.
1959b Horth Paeific and Bering Sea Oceanogrephy, 1958. U.S. Fish and
Wildlife Service, Bpecial Scientific Report--maheriea No. 312,
November, 1959. 230 p.
Fleming, Richard H.

1955. Review of the oceapography of the northerm Pacific. Bull. Jo. 2.
International North Pacific Fisheries Commission 1955. 31-3 P



e
\rl

Fleming, R. H. and Staff

1958. Physical and chemical data, North Pacific Ocean. Brown Bear
Cruise 176, July-September, 1957. University of Washington
Department of Oceanography Specilal Report No. 29. 15p.[ 91]
p. tables.

Goodman, Joe R., J. H. Lincoln, T. G. Thompson and P A. Zeuslar

1942. Physical and chemical investigations: Bering Sea, Bering Strait,
Chukchi Sea during the summers of 1937 snd 1938. University of
Washington Publications in Oceanography, Vol. 3, No. &, p. 105-169
end Appendix; p. 1-117.

Hebard, James F.

1959. Currents in socutheastern Bering See and possible effects upon
king crab larvae. U.S. Fish and Wildlife Service Specilal Scilentific
Report--Fisheries No. 203, 11 p.

Hokkaido Regionsl Fisheries Research Laboratory

1958. A preliminary date of physical oceanography obtained research vessel
"Penyo Maru" in the Bering Sea and the Aleutian waters. July-August
1957. 30 p. 1 fig. (mimeographed).

International North Pacific Pieheries Commission

1959. Report on the investigations by the United States for the International
North Pacific Pisheries Commission-19568. In: Internationsl North
Pacific Fisheries Commission Anmusl Report for the year 1958; Vancouver,
Capsda, p. 7h-119.

Jacobs, Woodrow C.

1951. The energy exchangs between snea andl atmosphere and some of its con-
sequences. Bulletin Scripps Institution of Oceanography, Vol. 6, No.
2. p. 22-122.

Kitano, Kiyomitsu

1958. Oceanogrephic structure of the Baring Sea and the Aleutian waters.
Part I. Based on the oceanographic observations by R. V. "lenyo Maru”
cof 1957. Bulletin Hokkaido Regional Fishery Ressarch Laboratory, Vol.
19, Dec. 1958. 9 p.



26

Love, Cuthbert M.
1957. Physical and chemical data--Gulf of Alaska spring and summer
1956 and spring 1957. University of Washington Reports of
Oceanography. Technical Report No. 56. 90 p.
1959. Physical and chemical data, North Pacific Ocean. Gulf of Alaska
and Bering Sea summer of 1956. University of Washington Department

of Oceanography. Special Report No. 31. 13 p. 216 p. tables,
2 figs. ; 5

Montgomery, R. B.
1938. Circulation in upper layers of southern North Atlentic deduced
with use of isentropic analysis. Papers in Physical Oceancgraphy
and Meteorclogy, Vol. 6, Ho. 2, 55 p.
Pacific Oceanographic Group, Nemaimo, B.C
1957. Physical, chemical and plankton data record. North Pacific survey
July 23 to August 30, 1957. Fisheries Research Board of Canada,
MSS Report Series (Oceencgraphy and Limnology) No. 4. 103 p.
Patullo, June, W. Munk, R. Revelie and Elizabeth Strong.

1855. The seasonal osclllation in sea level. Journal of Marine Research.
volv 1".‘, HO' 1- Po 88-1560 1 mrto

Robinson, Margaret K.

1957. Sea temperature in the Gulf of Alaska and in the northeast Pacific
Ocean, 1941-1952. Bulletin Scripps Institution of Oceanography,
University of California Press 98 p., 1 chart.

Stcaomel, Henry

1958. The Gulf Stream. University of California Press apd Cambridgs
University Press. 202 p.

Sverdrup, H. U., M. ¥. Johnson and R. H. Fleming.

194k2. The oceans: +their physics, chemistry and general biology.
Bew York: Prentice-Hall. 1087 p.

Thompson, William ¥. and R. Van Cleve
1936. Life history of the Pacific halibut (2). Distribution and sarly

life history. Reports of the Intermational Fisheries Commission,
No. 9. 184 p.



27

Tully, J. P, and F. G. Barper

1960. An estusrine analogy in the sub-Arctic Pacific Ocean. Jourmal -
Fishexries Research Board of Cesmnada, yol. 17, Ho. 1. p. 91-112.

Uda, M.
1935. On the distribution, formation, and movement of the dicotherm
water in the northeastern ses reglon sdjacent to Japan. Umi to
Sora, Vol. 15, Fo. 12.
U. 5. Coaat and Geodetic Survey

1955. United States Coast Pilot 9: Alsska, Cape Spencer to Arctic Qcean.
Goverament Printing Office, Washington, D.C. Sixth {195h) Bdition.
673 p-



1 O 3O T

]

BERING B

Hlof Islands

o

@J—’—'—'&?

\a?;___,j— ].? ,gé. -g: g
=~ 4??,3&%’
\wff‘-‘/—_

r————]
Trench

e
p—

é‘/e
) 0¥ —
%f.t—’ _,/ —
gl P S

42 9

| 3500 marers

- //§P

PAGIFI1G

CCEAN

£ il

YTy e i

o

i |

55

o
{
i
1

1

=5
]

g

X6

X
20
(1]
2mn Dt
1 ] -/
o //‘ﬁ 19, 1 e g oz
I L y 7 Aigoat e apJs” ** bee D
oy e o /’V;,/JA?{ el o o
— - o LN 7 e
‘E_?g';:;f‘ﬁgm 28 _ar q Q22
[
7 WE516 Vz:/_,—-—"vf-!//VE—a/ 25 A D=
EE " Ougey ol X3 92 Oz
51”/—-—'/'"—'—-/ [m i)
=T *30 e AT P15.22,30 A!I -
Oze
O
=1
[mb.)
Dlee
Oee
a7
Cizs
= hes
&0 155 [

Figure 2.--Station positions, July 19 - August 31, 1957.
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Figure 27.--Vertical distribution of sigma-t along

175%. longitude, July-August, 1957.
large arrows indicate depths of Nansen
bottle cast not reaching 1000 meters.

Figure 28.-~Vertical distribution of sigma-t along
1719, longitude, July-August, 1957.
Iarge arrows indicate depths of Nansen
bottle cast not reaching 1000 meters.
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Figure 29.--Vertical distribution of sigma-t along
165°%. longitude, July-August, 1957.
Iarge arrows indlcate depths of Nansen
bottle casts not reaching 1000 meters
{south of 5k N.)

Figure 30.--Vertical distribution of salinity {°/oo)

along 175°E. longitude, July~-August, 1957.
Large arrows indicate depth of Nansen
bottle cast not reaching 1000 meters.
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Figure 31.--Vertical distribution of salinity (©/co) Figure 32.--Vertical distribution of salinity (°/oo)
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bottle cast not reaching 1000 meters.

along 175%. longitude, July-August, 1957.
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along 171%. longitude, July-August, 1957.
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Figure 53.--Bathythermograph (M, ©C.) section along
165°%. longitude, MV Attu,
Auvgust 15-20, 1957. BT 161-180.

Figure Sh.--Bathythermograph {M, ©C.) section along
162° 30'W. longitude, Mv Attu,
August 22-23, 1957. BT 185-193.
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